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57 ABSTRACT 

A vinyl monomer alone, or a mixture of a vinyl mono 
mer and at least one comonomer copolymerizable with 
said vinyl monomer and having a faster rate of poly 
merization than the rate of polymerization of the viny 
monomer, is emulsion-polymerized in an aqueous me 
dium in the presence of a surface active agent and a 
pigment and, if required, other additives, under vigor 
ous stirring. The polymer particles are substantially 
spherical. They do not contain interconnected pigment 
particles on the surface thereof but rather the pigment 
particles are substantially uniformly distributed in the 
interior of the polymer particles. There is obtained a 
powder composition adapted for electrostatic spray 
coating. When an agent for preventing thermal crack 
ing is added to the emulsion polymerization reaction 
mixture after the completion of polymerization, there is 
obtained an electrostatic spray coating powder paint 
composition which does not become deteriorated if the 
coating film is heated at high fusing temperatures. 

18 Claims, No Drawings 
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ELECTROSTATIC SPRAY COATING POWDER 
PGMENT COMPOSITION AND PROCESS FOR 

PRODUCING THE SAME 

CROSS REFERENCE TO RELATED APPLICATION 
This application is a continuation-in-part of U.S. Ser. 

No. 469,537, filed May 13, 1974, now abandoned, the 
entire contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION 
This invention relates to vinly polymer-type electro 

static spray coating powder paint compositions and 
processes for preparing the same. 

2. DESCRIPTION OF THE PRIOR ART 
Heretofore, there have been conventionally used 

solution-type paints in which the paint components are 
dissolved in an organic solvent or emulsion-type paints 
in which the paint components are dispersed in an 
aqueous medium. 
However, the former may possibly cause environ 

mental pollution due to the evaporation of the organic 
solvent from the paint following application thereof. 
The latter has drawbacks because the film derived 
therefrom is lacking in desired physical and chemical 
properties. Accordingly, powder paints which do not 
use liquid carriers or vehicles have recently become 
available. Coating processes using these powder com 
positions have been developed. Domestic utensiles, 
steel furniture, general purpose piping, automobile 
parts, etc. are painted with such powder paints. There 
are various modes for painting with such dry paint 
compositions. Recently the electrostatic dry spray 
painting has become important. In this process the 
paint powder suspended in air is charged with a high 
voltage while it is flowing through the air to cause some 
electrostatically to adhere onto the article being 
painted. The article is heated to melt the powder and 
thereby form a paint film. 
Vinyl powder paints conventionally used as electro 

static dry spray coating powder paints are produced by 
the following methods: 

1. A dissolution-deposition process in which, after 
the vinyl resin is dissolved in a solvent and additives 
such as pigments, plasticizers, stabilizers, etc. are 
added thereto, a non-solvent is added thereto with 
vigorous agitation of the mixture to precipitate the 
powder paint composition. 

2. A fusion-pulverization method in which the resin is 
heated until it is molten, pigment and coating film 
forming elements are added thereto and mixed therein, 
and after the mixture is solidified, the solid mixture is 
pulverized. 

3. A dry blending method in which the resin, pigment 
and coating film forming elements are mixed by a high 
speed rotary mixer. 
However, the first method (1) must employ a solvent, 

and it is further necessary to carry out the steps of 
dissolving the resin, precipitating the powder paint 
particles and recovering the solvent. In the second 
method (2) the resulting powder particles thereby, ob 
tained are broken pieces so that it is difficult to form 
therefrom a coating film having a flat and smooth sur 
face. In the third method (3) there can be obtained 
only resin particles which are externally coated with 
the pigment particles. 
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2 
Recently there have been proposed the following 

various methods in addition to the aforementioned 
methods. 

In one method, there is disclosed a method of pro 
ducing a powder paint in which a vinyl chloride mono 
mer, or a vinyl chloride monomer and comonomers 
such as vinyl acetate, vinyl ether, etc., is suspension 
polymerized in the presence of carbon black and using 
an oil-soluble polymerization initiator (organic perox 
ide) such as diisopropylperoxydicarbonate, azobisiso 
butyronitrile (Japanese Open-Laid Patent Publication 
No. 29475/72). However, according to this method, 
the pigment is not sufficiently dispersed in the powder 
particles, and its polymerization yield is remarkably 
poor. In addition, the size of the obtained powderparti 
cles is not consistent and their thermal stability is poor, 
and further, blocking thereof occurs during storage. 
Japanese Open-Laid Patent Publication No. 976/73 

discloses a method of obtaining a unplasticized polyvi 
nyl chloride composition adapted for machining in 
which the polymerization is effected with the addition 
of agents succh as stabilizer, lubricating agent, pig 
ment, polymer denaturing agent, generally contained in 
unplasticized polyvinyl chloride compositions, before 
or during the polymerizing step and then adding a poly 
merization stopping agent to stop the polymerization. 
This method has several disadvantages, namely, that 
the pigment is not uniformly distributed in the interior 
of the polymer particles, the diameters of the particles 
are irregular, and the diameters of the particles are not 
controlled, and the polyvinyl chloride thus obtained is 
poor in thermal stability. 
Japanese Open-Laid Patent Publication No. 

10181/73 discloses a method of obtaining dispersible 
coating compositions which comprises mixing a resin 
containing carboxyl groups as a starting material with 
pigment, neutralizing the carboxyl groups in the mix 
ture, emulsifying the mixture in water, adding a poly 
merizable monomer into the mixture and then effecting 
polymerization. Japanese Open-Laid Patent Publica 
tion No. 10182/73 discloses a method of obtaining a 
coating composition dispersed in water which com 
prises dispersing a pigment in a water-insoluble resin, 
then emulsifying the dispersion in water by using an 
emulsifying agent or dispersing agent, and adding a 
polymerizable monomer thereto and then polymerizing 
it. However, these methods are processes for producing 
coating compositions to be coated in the form of a 
dispersion in water. The diameters of the polymer par 
ticles of polymer are about 1 micron, and these are 
almost the same as the diameters of the particles of the 
polymer obtained by the conventional emulsion-polym 
erizing method which are unsatisfactory as an electro 
static powder paint. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of this invention to provide 
a powder paint composition adapted for electrostatic 
spray coating, and a process for producing the same, in 
which the polymer particles are substantially spherical, 
and the pigment particles are not substantially con 
tained on the surface thereof but rather are dispersed 
substantially uniformly in the interior of the polymer 
particles. 

it is another object of this invention to provide an 
electrostatic spray coating powder paint composition, 
and a process for producing the same, which forms 
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improved coating films at low temperature and which 
does not readily form cracks upon fusing. 

It is a further object of this invention to provide an 
electrostatic spray coating powder paint composition, 
and a process for producing the same, which provides a 
coating film of superior exterior durability, impact 
resistance and flexibility. 

it is still another object of this invention to provide an 
electrostatic spray coating powder paint composition, 
and a process for producing the same, in which the 
coating film does not deteriorate when heated at high 
fusing temperatures. 
The present invention has been completed based on 

the following findings: 
1. There can be obtained particles which are satisfac 

tory for the above-described purposes by emulsion 
polymerization, provided that the emulsion-polymeri 
zation is conducted simultaneously with vigorous stir 
ring, and there can also be obtained substantially spher 
ical powder particles which have proper size distribu 
tion and adapted for electrostatic spray coating and 
which have pigment therein. 

2. If the monomers to be polymerized and the pig 
ment and the surface active agent and additional agents 
such as agent for preventing aging deterioration, plastic 
flow rate improving agent, ultraviolet ray absorbing 
agent, hardening agent, thermostability improving 
agent, if required, are mixed in advance, the pigment 
can be uniformly dispersed in the interior of the poly 
mer particles. 

3. The bulk density of the powder composition thus 
obtained is preferably above 0.2 and most preferably 
above 0.3. If the bulk density is below 0.3, when the 
composition is coated and the powderparticles thereof 
are melted and adhered to a substrate to form a coating 
film thereon, cracks form in the film. Furthermore, in 
order that this composition can be used as an electro 
static dry spray coating powderpaint, its electrification 
property is important. If the volume intrinstic resistivity 
of the powder paint particles is below 10 ohm-cm, the 
powder particles do not sufficiently adhere onto the 
articles to be painted, whereas if the volume intrinsic 
resistivity of powder paint particles is above 10' ohm 
cm, the powder particles once adhered thereto can be 
easily separated from the articles on which they are 
painted, and thus in both cases, a satisfactory coating 
film cannot be obtained. 
This invention relates to electrostatic spray coating 

powder paint compositions in which the powder parti 
cles are substantially spherical, and a process for pro 
ducing the same, in which emulsion-polymerization is 
performed with vigorous stirring of a reaction system 
containing a vinyl monomer, or a mixture of vinyl 
monomer and at least one comonomer copolymeriz 
able with said vinyl monomer and having a rate of 
polymerization faster than the rate of polymerization of 
the vinyl monomer, in an aqueous medium, in the pres 
ence of a surface active agent and a pigment, and, if 
required, an agent for preventing aging deterioration, a 
fluidity improving agent, an ultraviolet absorbing 
agent, a thermal stability improving agent, hardening 
agent, etc. whereby to emulsion-polymerize the mono 
mer(s) in such a manner that the pigment particles are 
not substantially maintained on the surfaces of the 
polymer particles thus obtained, but rather are substan 
tially uniformly dispersed in the interior of the polymer 
particles. 
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4 
The vinyl monomer employed in the invention in 

cludes vinyl chloride and one or more vinyl monomers 
having the formula: 

R. O. 
I 

CHEC-C-O-R, 

wherein R is H or CH3, R is a hydrocarbon group 
having 1 to 18 carbon atoms. 
Examples of the vinyl monomers having the above 

structural formula include methyl acrylate, ethyl acry 
late, butyl acrylate, 2-ethylhexyl acrylate, lauryl acry 
late, stearyl acrylate, methyl methacrylate, ethyl meth 
acrylate, butyl methacrylate, 2-ethylhexyl methacryl 
ate, lauryl methacrylate, stearyl methacrylate, benzyl 
acrylate and phenyl acrylate. Normal-butyl methacryl 
ate and ethyl methacrylate are preferred vinyl mono 
mers of this formula. When two or more of the vinyl 
monomers are used, they can be mixed at any weight 
ratio. 
The comonomers capable to copolymerization with 

the above vinyl monomers include glycidyl acrylate, 
glycidylmethacrylate, allylglycidylether, hydroxye 
thylacrylate, hydroxyethylmethacrylate, diethylamino 
ethylacrylate, diethylaminoethylmethacrylate, vinyl 
pyridine, acrylic acid, methyacrylic acid, maleic acid, 
maleic anhydride, dioctyl maleate, styrene, methyl 
styrene, vinyl toluene, N-methylolacrylamide, N 
methylolmethacrylamide, acrylamide, methacrylam 
ide, acrylonitrile, methacrylonitrile, butadiene, vinyl 
caprylate, isobutylvinylether, vinylidene chloride, ita 
conic acid, N-phenylmethacrylamide, 2-vinyl naphtha 
lene, allyl acetate, allyl acrylate, vinyl isocyanate, vinyl 
acetate, vinyl propionate and vinyl urethane, etc., 
which have a faster rate of polymerization than the rate 
of polymerization of the vinyl monomer. 
The powderpaint composition obtained by emulsion 

polymerization, according to the process of the present 
invention, of a vinyl monomer and a comonomer hav 
ing a faster rate of polymerization than the rate of 
polymerization of the vinyl monomer, does not un 
dergo blocking during storage. As the comonomer it is 
preferred to employ one whose homopolymer has a 
second order transition temperature lower than that of 
a homopolymer of the vinyl monomer, particularly of 
vinylchloride homopolymers. 
The ratio of the copolymerizable monomer to the 

vinyl monomer is normally 2 to 185 parts by weight, 
preferably 5 to 100 parts by weight, per 100 parts by 
weight of the vinyl monomer. If the weight is less than 
this, when painting is conducted with the paint compo 
sition, it is difficult to form a coating film having a 
smooth and flat surface. If this ratio is higher than this, 
the painted film thus obtained is excessively weak. 
The charging of the monomer (s) may be carried out 

by charging the entirety of the monomer (s) at the time 
of initiating the polymerization or they can be added in 
fractional portions during the course of the polymeriza 
tion. 
The average polymerization degree of the resulting 

vinyl chloride copolymer is preferably in the range of 
300 to 600 when measured by JIS (Japanese Industrial 
Standard) K-6721. When the degree of polymerization 
is less than this range, the durability and thermostabil 
ity of the coating film thus obtained are inferior, 
whereas when the degree of polymerization is above 
this range, a higher temperature is needed when the 
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powder paint is sprayed and is thereafter fused to form 
the coating film, and accordingly, undesired decompo 
sition of the plasticizer can occur. 
The pigment used in this invention includes such 

inorganic pigments as zinc oxide, barium chromate, 
Prussian Blue, cadmium yellow, antimony sulfide, cad 
mium red, precipitated barium sulfate, zinc oxide, tita 
nium oxide, ferric oxide red, iron black, chromium 
oxide, ultramarine blue, precipitated calcium carbon 
ate, carbon black, lamp black, graphite, clay, cobalt 
blue, yellow ochre and the like; nitroarylene pigments 
such as naphtolgreen B, pigment green B, and naphtol 
yellow S; azo pigments such as permanent red 4R, 
brilliant fast scarlet, Hansa yellow 3G, benzidineyeliow, 
lithol red, lake red C, brilliant carmine 6B, permanent 
red F5R, pigment scarlet 3B, para red and the like; 
phthalocyanine pigments such as phthalocyanine blue, 
phthalocyanine green, fast sky blue and the like, and 
organic pigments such as permanent red BL, isoindole 
none pigments, dioxazine violet, aniline black, quina 
cridone red and the like. 
The amount of pigment is preferably 0.1 to 50 weight 

percent based on the total amount of monomers. 
It is effective for keeping the pigment in the interior 

of the powder particles and to obtain substantially 
spherical particles, to premix one or more kinds of 
these pigments with a portion of the vinyl monomer or 
comonomer, a surface active agent, an agent for pre 
venting deterioration, and/or other additives, etc. in 
advance such as by means of a three roll mill, a bali 
mill, etc., and then to add them at the beginning or 
during polymerization of the remaining monomer (s). 
In this case, the amount of the monomer used for mix 
ing with the pigment is preferably more than 0.5 weight 
percent of total monomers. 

It is necessary to incorporate a stabilizer in the poly 
mer for preventing deterioration thereof, when the 
polymer include vinyl chloride units. The agents effec 
tive for preventing deterioration are added at the start 
of polymerization or during the course of polymeriza 
tion. They include an organic tin compound such as 
dibutyl tin dilaurate or dibutyl tin maleate, an epoxy 
compound such as epoxidized soybean oil, an epoxy 
resin obtained by condensation of epichlorohydrin with 
2-2-bis (4-hydroxyphenyl) propane, or 3,4-epoxy-6- 
methylcyclohexyl-3',4'-epoxy-6'-methylcyclohex 
anecarboxylate or the like. The stabilizer for prevent 
ing deterioration can be a combination of the above 
mentioned agents. The amount of the stabilizer is pref 
erably 0.01 to 15 weight percent, based on the total 
amount of monomers used. The stabilizer can be added 
in one charge at the beginning of the polymerization or 
it can be added in fractional portions during the course 
of polymerization. 
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A plastic flow rate improving agent can be added, if 55 
required. Suitable plastic flow rate improving agents 
are conventional plasticizers such as dibutyl phthalate, 
2-ethylhexyl phthalate, 2-ethylhexyl adipate, tricresyl 
phosphate, tetraisooctyl pyromellitate, a chloride of a 
normal paraffin and the like, or a high molecular 
weight polyester or epoxy plasticizer compound. 
The amount of the plastic flow rate improving agent 

is up to 30 weight percent, based on the total mono 
mers, preferably up to 10 weight percent. The plastic 
flow rate improving agent can be added at once at the 
start of the polymerization or it can be added gradually 
step by step during the advancement of t the polymeri 
zation. 
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The surface active agent or surfactants used in the 

emulsion-polymerization of the present invention are 
known surfactants, but the amount thereof that is used 
is remarkably higher than the amount conventionally 
used. The amount of surfactant is at least 3 by weight 
percent, preferably 5 weight percent or more, based on 
the total amount of monomers. However, the use of 
more than 20 weight percent of monomer is not eco 
nomic and is unnecessary. If the amount of surfactant is 
less than 3 weight percent, it is difficult to cause the 
pigment to become present inside the polymer parti 
cles. Particularly preferred surface active agents used 
in the present invention includes such anionic surface 
active agents having an HLB (hydrophilic-lipophilic 
balance) of more than 8 such as sodium dodecylbem 
Zenesulfonate, polyethyleneglycolalkylethersulfate, 
sodium dialkylsulfosuccinates, or the like, nonionic 
surface active agents such as polyethylenegycolsor 
bitanalkylethers, sorbitanalkylesters, polyethyleneg 
lycolphenylethers, polypropyleneglycol polyethyleneg 
lycolethers and the like, and cationic surface active 
agents such as alkylpicolinium chloride, alkyltrime 
thylammonium chloride or the like. 
These surface active agents can be used as a mixture 

of two or more of such agents. When two or more of 
the pigments are used, these surfactants give extremely 
good results. 

In the process of this invention, the polymerizing 
reaction can be carried out under alkaline or acidic 
conditions. pH adjusting agents include sodium hydro 
gen carbonate, ammonium carbonate, acetic acid, etc. 
Other optional additives that can be used include 

ultravoilet absorbing agents, thermal stability improv 
ing agents, molecular weight adjusting agents, fluidity 
improving agents, hardening agents, etc. 
Referring to the ultraviolet absorbing agent and ther 

mal stability improving agents, there can be mentioned 
2-hydroxy-4-methoxybenzophenone, 2,4-dihydrox 
ybenzophenone, 2-(2'-hydroxy-5'-methylphenyl) ben 
zotriazol, phenyl salicylate, dioctylsulfide, 1,3,8-triazo 
- 7,7,9.9-tetramethyl-2,4-dioxy-spiro- 4,5-tetramethyl 
2,4-dioxy-spiro-4,5-decane,2-cyanoethyloctylmercap 
tan and the like. One or more than one ultraviolet 
absorbing agent can be used. 
The plastic flow rate improving agent further in 

cludes an epoxy resin by condensation of epichlorohy 
drin with 2,2-bis(4-hydroxyphenyl) propane and resins 
capable of enhancing the plastic flow rate of the poly 
mer of the composition. The content thereof is prefer 
ably 0.5 to 30% by weight, based on the total weight of 
OOCS. 

The molecular weight adjusting agent employed in 
this invention includes ethylmercaptan, propylmercap 
tan, butylmercaptan, octylmercaptan, dodecylmercap 
tan, 2-mercaptoethanol, thiophenol, ethylmercapt 
oacetate as mercaptans and carbon tetrachloride as a 
compound effective in a chain reaction. 
A heat curable (thermosetting) powder paint of 

acrylic resin can be produced according to this inven 
tion. The curing agents used for this purpose include 
dicyandiamide, borontrifluoride-piperidine, an epoxy 
compound or acid anhydride as a compound effective 
in reacting with acrylic resin to cure same. 
One or more of these curing agents can be used. The 

entirety thereof can be added at the start of polymeri 
zation, or portions can be added during the polymeriza 
tion or it can be added into the obtained emulsion or 
the powder after the polymerization is complete. 
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The vigorous agitation employed in the process of 
this invention is not practiced in the conventional 
emulsion-polymerizing reactions because it was as 
sumed to cause bad results. In the present invention, 
this vigorous stirring provides a particularly good effect 
on the diameters or particle sizes of the polymer parti 
cles produced. The size of the polymer particles is 
closely related to the appearance of the coating film, 
the performance of coating film, and the operability of 
the electrostatic painting. That is, in order to obtain a 
thin coating film, the smaller the size of the polymer 
particles, the better are the results. Whereas in order to 
obtain a thicker coating film, the larger the size of the 
particles, the better are the results. However, when the 
diameters of the polymer particles are extremely small, 
the recovery rate of the powder paint during painting 
becomes poorer, so that the results of the painting 
operation become poorer. 
According to the process of the present invention, 

the diameters of the polymer particles are easily ad 
justed, within the range of 30 to 250 microns. Thus, if 
the particle size of the powder is properly adjusted, it is 
easy to remove the polymerizing heat generated during 
the polymerization, and it also is easy to separate the 
polymerized product. 

In order to separate the polymerized product from 
the reaction solution, conventional filtering devices, 
centrifugal settling devices, centrifugal filtering de 
vices, etc. are used. Particularly, decanting type contin 
uous discharge centrifugal settling devices, basket type 
centrifugal filtering devices, etc. are used. 
The drying of the powderparticles thus produced can 

be conducted by any conventional method such as, the 
flash drying method, the fluidized bed drying method, 
the vacuum drying method, the process of drying in a 
dryer having shelves therein or combinations thereof. 
The powder which may agglomerate into lumps dur 

ing the drying step can be subdivided into the desired 
size by using a suitable pulverizer. 
According to the present invention, there can be 

obtained superior vinyl powder paint compositions 
particularly useful for dry electrostatic spray coating as 
will be hereinafter described. This unexpectedly im 
proved result is achieved as a consequence of the pres 
ence of a relatively large amount of surface active 
agent in the reaction system undergoing emulsion 
polymerization, in combination with the vigorous stir 
ring of the reaction system during said polymerization. 
The term "vigorous stirring" means the stirring con 

ditions conventionally employed in the suspension pol 
ymerization process. For example, vigorous agitation 
includes rotating at 200 to 1,200 rpm an agitator hav 
ing blades of the turbine blade type in the presence of 
baffle plates. Stated in different terms, for vigorous 
stirring the circulation number is 3 or more circulations 
per minute, preferably 5 to 30 circulations per minute, 
wherein circulation number = integrated volume of 
circulating flow per minute divided by the total volume 
of liquid in tank: See "Reaction Technology of Poly 
merization' published by Chemical Dojin Co., Ltd. on 
page 64 on special issue No. 34, edited by Masu 
Yamazaki. 

In contrast the stirring conditions in the conventional 
emulsifying polymerization are relatively slow. For 
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using a paddle type or anchor type blades is 40 to 60 
rpm, corresponding to a circulation number of 2 per 
minute. The dispersion medium, the polymerization 

8 
initiator and the polymerizing degree adjusting agent 
(chain stopping agent) used in the process of the pre 
sent invention are all conventional. The dispersion 
medium includes aqueous media such as water or wa 
ter-methanol mixture, and preferably is water. The 
amount of dispersion medium is 75 to 1000 weight 
percent, based on the total amount of the monomers, 
preferably 200 to 400 percent. If the amount of disper 
sion medium is below this range, it is difficult to remove 
the polymerization heat, whereas if it is higher than this 
range, the bulk specific density of the powder paint 
composition particles thus obtained becomes less than 
0.30, there occurs a concentration of coating film dur 
ing fusing and film-forming operations so that cracks 
occur with the result that a satisfactory coating film 
cannot be obtained. As the polymerization initiator, 
there are used water-soluble polymerization initiators 
such as hydrogen peroxide, ammonium persulfate, po 
tassium persulfate or a water-soluble redox catalyst, 
etc. Two or more of the above agents can be used in 
combination. The entire amount of initiator can be 
added at the start of the polymerization or fractional 
amounts can be added as the polymerization advances. 
The amount of initiator is preferably 0.01 to 30 weight 
percent, based on the total amount of monomers. 
As the polymerization degree adjusting agent, there 

can be used less than 1 weight percent of carbon tetra 
chloride, n-butylmercaptan, thiophenol, etc. based on 
the total amount of monomers. 

Heretofore, because pigments are usually poor in 
their electric insulating property, the volume intrinsic 
resistance of powder coatings in which the pigment is 
dispersed as a coating on the surfaces of the powder 
particles, is normally far broader than the above 
described range. Accordingly, such powders are not 
satisfactory for use as an electrostatic dry spray coating 
powder paint. On the other hand, the electrostatic 
spray coating powder paint composition of the present 
invention does not substantially include contiguous 
pigment particles on the surface thereof, but rather the 
pigment particles are substantially uniformly dispersed 
in the interior thereof. The powder coating composi 
tion of this invention also includes an agent for prevent 
ing deterioration and, if required, a fluidity improving 
agent. The powder coating composition of this inven 
tion comprises substantially spherical particles having a 
particle size of approximately 30 to 250 microns in 
diameter, a volume intrinsic resistivity of 10° to 10 
ohm-cm and a bulk density of more than 0.3. The sub 
stantially spherical particles contain pigment particles 
dispersed in a substantially homogeneous state in the 
interior of the resin particles, and the resin particles are 
substantially free of interconnected or contiguous pig 
ment particles on the surfaces of the resin particles. 
Therefore, this powder coating composition exhibits a 
desirable range of volume intrinsic resistivity to make it 
suitable for use as an electrostatic dry spray paint com 
position, and yet when it is fused after it is applied to 
the substrate, a highly advantageous coating film can 
be obtained by heating at a lower temperature than that 
employed in the case of a conventional vinyl chloride 
powder paint. This powder paint composition has a 
bulk density of more than 0.3 and the particles are 
substantially spherical in shape, and accordingly sub 
stantially no cracks occur as a consequence of the 
aforementioned fusing. 
As the resin components of conventional powder 

paints, there have been used vinyl chloride resin or 
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epoxy resin. However, the powder paint composed of 
epoxy resin has such disadvantages as poor durability, 
poor impact strength, poor flexibility, etc. of the coat 
ing film formed therefrom and such paints are expen 
sive. On the other hand, vinyl chloride powder paint 
exhibits relatively good properties and is relatively less 
expensive. However, it has been difficult to provide 
vinyl chloride powder paints suitable for use in electro 
static dry spray coating. This invention is intended to 
solve this problem. 

In order to perform the process of the present inven 
tion, after part or all of the liquid comonomer capable 
of copolymerizing with vinyl monomer used in the 
present invention is mixed in advance with part or all of 
the surface active agent, the powder paint composition 
is produced under the above-described conditions. This 
mixing can be easily conducted by conventional meth 
ods such as, for example, by using roll mills, ball mills 
and the like. Thus, the pigment is further preferably 
dispersed into the particles so that the shapes of the 
particles are further improved. In this case, the amount 
of the vinyl monomer mixed with the pigment and the 
comonomer capable of copolymerizing with the vinyl 
monomer is over 0.5 by weight percent, based on the 
total monomers used in the polymerization. 

Further, if the powder particles having absorbed 
thermal decomposition preventing agent on their sur 
faces are separated from the aqueous medium phase 
after the thermal decomposition preventing agent is 
added to the reaction system after emulsioncopolymer 
ization according to the aforementioned process of the 
present invention is complete, there exists a high 
amount of thermal decomposition preventing agent on 
the surface of the particles. This suppresses the thermal 
decomposition that might otherwise occur during fus 
ing of the powder paint composition. Accordingly the 
thermal decomposition can be effectively limited with 
out detriment to the other properties of the particles, 
and therefore, even if a higher fusing temperature is 
employed, the coating film does not deteriorate. 
The process for producing the powder paint and the 

paint composition obtained according to this process 
have the following advantages and effects: 

l. The powder paint obtained according to the pre 
sent invention is composed of particles whose exterior 
Surface is comprised of exposed resin so that the parti 
cles can easily adhere and merge with each other dur 
ing fusing. Therefore, the fusing temperature can be 
lower by 20' to 40° C. in comparison with the fusing 
temperatures required when there is used a powder 
paint prepared by the conventional dry blending 
method. 

2. Because the fusing temperature can be lower, as 
aforesaid, the resin is less subject to deterioration and 
discoloration. 

3. Because substantially spherical particles are ob 
tained in the present invention, the fluidity of the pow 
der itself is superior and the thickness of the coating 
film can be easily controlled, and the powder is particu 
larly advantageous for use as a paint powder for dry 
electrostatic spray coating. 

4. The process of preparing the powder is simplified 
in comparison with the conventional process and the 
cost of producing the powder is reduced. 
The present invention is further illustrated by the 

following non-limitative examples. 
Unless otherwise indicated, in the examples all refer 

ences to "parts' mean parts by weight. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
EXAMPLE 1 

A paste, which was prepared by mixing well 30 parts 
of carbon black, 70 parts of polyethyleneglycolsorbitan 
monolaurate, 21 parts of 3,4-epoxy-6-methylcyclohex 
yl-3',4'-epoxy-6'-methylcyclohexanecarboxylate and 
95 parts of butyl acrylate in a high speed mixer, was 
charged into a reaction vessel of a capacity of 501, a 
diameter of 35 cm and a height of 78 cm, the vessel 
having an agitator of three turbine vane type impellers, 
of which arms were 12.5 cm in length, and then 3 parts 
of ammonium persulfate, 0.5 part of n-butylmercaptan 
and 3300 parts of water were added into the reaction 
vessel. 
After the reaction vessel was closed the ambient 

atmosphere in the reaction vessel was replaced with 
nitrogen gas and the gas pressure was reduced below 
atmospheric pressure. Then, 828 parts of vinyl chloride 
monomer was introduced into the reaction vessel. The 
agitator was driven at 800 rpm and the reaction mix 
ture was heated at a temperature of 65 C. 
The temperature and the agitation were maintained 

for 9 hours to effect polymerization. After the polymer 
zation was complete, 50 parts of polymerized organic 
mercapto-compound was added, followed by agitation 
for an additional 30 minutes. The reaction product was 
recovered by centrifuging the reaction mixture and was 
drived. 
y polymer powder having an average degree of poly 

merization of 420, a particle size of 80 to 150 microns, 
and a bulk density of 0.35, as measured by a powder 
tester manufactured by Micrometrics Laboratory of 
Japan, was obtained with a polymerization yield of 
95%. The powder composition thus obtained was ap 
plied by electrostatic spray coating onto a plate of 
cold-rolled steel and the plate bearing the powderpaint 
was heated at 185°C for 5 minutes to melt and fuse the 
powder. 
A beautiful black coating film of 100 microns in 

thickness was obtained. No blocking of the powder 
composition was observed when it was stored at 40°C 
and the powder composition exhibited a good storage 
stability during the summer time. Some physical prop 
erties of the powder composition and the coating film 
formed therefrom shown in Table 1. 

EXAMPLE 2 

106 parts of a paste was prepared by mixing 45 parts 
of titanium dioxide pigment, 6 parts of carbon black 
powder, 20 parts of polyethyleneglycol dodecylphen 
ylether, 7 parts of polypropyleneglycol polyethyleneg 
lycolether, 6 parts of organic tin maleate, 60 parts of 
ethyl acrylate and 15 parts of lauryl methacrylate in a 
high speed mixer and by further rolling the resulting 
mixture in a three roller mill. The paste was charged 
into the reaction vessel used in Example 1 and then 0.2 
part of ammonium persulfate, 0.2 part of potassium 
persulfate, 1 part of n-butylmercaptain and 600 parts of 
water were added into the reaction vessel. After the 
reaction vessel was closed, the ambient atmosphere in 
the reaction vessel was replaced with nitrogen gas and 
further the gas pressure was reduced below atmo 
spheric pressure. Then 150 parts of vinyl chloride 
monomer was introduced into the reaction vessel. 
The agitator was driven at 600 rpm and the reaction 

mixture was heated to 70° C. The temperature and the 
agitation were maintained for 12 hours to effect poly 
merization. After the polymerization 15 parts of di-m- 
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octyl tin-S,S'-bis (isooctyl mercaptoacetate) was 
added, and the agitation was continued for another 30 
minutes. 
The reaction product was recovered by centrifuging 

the reaction mixture and was dryed. A polymer powder 
having an average degree of polymerization of 490, a 
particle size of about 50 to 130 microns and a bulk 
density of 0.42 was obtained. The powder composition 
thus obtained was applied on a cold rolled steel plate by 
electrostatic spray coating and the plate bearing the 
powder paint was heated at 190 C for 5 minutes to fuse 
the powder. 
A beautiful gray coating film of 180 microns in thick 

ness was obtained. The stability of the powder paint 
was excellent and no blocking of the powder was ob 
served. Some physical properties of the powder compo 
sition and the coating film formed therefrom are shown 
in Table 1. 

EXAMPLE 3 

A paste was prepared by mixing well 8 parts of 
phthalocyanineblue, 18 parts of polyethylene glycol 
oleylether sulfate, 5 parts of dibutyl maleate, 40 parts 
of butyl acrylate and 10 parts of glycidyl methacrylate 
in a high speed mixer. The paste was charged into a 
reaction vessel of a capacity of 51,15cm in diameter, 
35 cm in height, and equipped with an agitator having 
three turbine blade type impellers, of which arms were 
4 cm in length, and then 2 parts of ammonium persul 
fate and 700 parts of water were added. 
After the reaction vessel was closed, the ambient 

atmosphere in the reaction vessel was replaced with 
nitrogen gas and further the gas pressure was reduced 
below the atmospheric pressure. Then, 150 parts of 
vinyl chloride monomer was introduced into the reac 
tion vessel. 
The agitator was driven at 1000 rpm and the reaction 

mixture was heated at 70° C. The temperature and the 
agitation were maintained for 13 hours to effect poly 
merization. After the polymerization was complete, 15 
parts of a polymerized organic mercapto-compound 
was added, followed by additional agitation for 30 min 
utes. The reaction product was recovered by centrifug 
ing the reaction mixture and was dryed. A polymer 
powder having an average degree of polymerization of 
550, a particle size of 50 to 150 microns and a bulk 
density of 0.31 was obtained with a polymerization 
yield of 95%. This powder composition comprised par 
ticles in which the dispersed pigment was substantially 
covered by the polymer resin. This powder paint 
formed a uniform coating on a substrate of complex 
shape even at the corners thereof, when applied 
thereon by electrostatic spray coating. This coated 
substrate was heated at 200 C for 7 minutes and there 
was formed a beautiful blue coating of 120 microns in 
thickness. No appreciable shrinking of the coating film 
occurred. 

It was proven that the storage stability of the powder 
paint was excellent and no appreciable blocking of the 
powder was observed at 40° C. Some physical proper 
ties of the powder composition and the coating film 
formed therefrom are shown in Table 1. 

EXAMPLE 4 

A paste was prepared by mixing thoroughly 60 parts 
of titanium dioxide pigment, 10 parts of sodium dode 
cylbenzene-sulfonate, 22 parts of polyethyleneglycol 
laurylether, 4 parts of organic tin maleate and 40 parts 
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of butyl acrylate in a high speed mixer. The paste was 
charged into a reaction vessel of a capacity of 7000 1, 
160 cm in diameter and 326 cm in height, provided 
with an agitator having three turbine vane type impel 
lers, of which the arms were 20 cm in length, and then 
1 part of ammonium persulfate, 0.1 part of thiophenol 
and 1500 parts of water were added into the reaction 
vessel. 
After the reaction vessel was closed the ambient 

atmosphere in the reaction vessel was replaced with 
nitrogen gas and further the gas pressure was reduced 
below atmospheric pressure. Then, 360 parts of vinyl 
chloride monomer was introduced into the reaction 
vessel. 
The agitator was driven at 400 rpm and the reaction 

mixture was heated at 65 C. The temperature and the 
agitation were maintained for 15 hours to effect poly 
merization. After the polymerization was complete, 30 
parts of a polymerized organic mercapto-compound 
was added, followed by additional agitation for another 
30 minutes. The reaction product was recovered by 
centrifuging the reaction mixture and was dryed. A 
polymer powder having an average degree of polymeri 
zation of 510, a particle size of 80 to 150 microns and 
a bulk density of 0.35 was obtained with a polymeriza 
tion yield of 95%. A beautiful white coating film was 
obtained by effecting a coating using the polymer pow 
der as the powder paint in the same manner as de 
scribed in Example 1, except that the temperature of 
fusion was 190° C. The storage stability of the powder 
paint was excellent and no appreciable blocking of the 
powder was observed at 40 C. Some physical proper 
ties of the powder composition and the coating film 
formed therefrom are shown in Table 1. 

EXAMPLE 5 

A paste was prepared by mixing thoroughly 10 parts 
of quinacridone red, 16 parts of alkylpicolinium chlor 
ide, 4 parts of epoxidized soybean oil, 0.1 part of 
acrylic acid, 30 parts of butyl acrylate, 5 parts of 
methyl methacrylate and 5 parts of diethylhexyl phthal 
ate in a high speed mixer. The paste was charged into a 
reaction vessel of a capacity of 5 1, 15 cm in diameter 
and 35 cm in height, provided with an agitator having 
three turbine vane type impellers, of which arms were 
4 cm in length, and then 1 part of ammonium persul 
fate, 0.04 part of thiophenol and 450 parts of water 
were added into the reaction vessel. After the reaction 
vessel was closed, the ambient atmosphere in the reac 
tion vessel was replaced with nitrogen gas and further 
the gas pressure was reduced below atmospheric pres 
sure. Then, 165 parts of vinyl chloride monomer was 
introduced into the reaction vessel. The agitator was 
driven at 800 rpm and the reaction mixture was heated 
at 65°C. The temperature and the agitation were main 
tained for 12 hours to effect polymerization. After the 
polymerization was complete 10 parts of a polymerized 
organic mercapto-compound was added, followed by 
additional agitation for another 5 minutes. The reac 
tion product was recovered by centrifuging the reac 
tion mixture and was dryed. 
A polymer powder having an average degree of poly 

merization of 530, a particle size of 50 to 180 microns 
and a bulk density of 0.45 was obtained with a polymer 
ization yield of 93%. 
A beautiful red continuous coating film of 80 mi 

crons in thickness was obtained by forming a coating 
using the polymer powder as the powder paint in the 
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same manner as in Example 4. No appreciable blocking 
phenomenon of the powder paint was observed at 40 
C. The storage stability thereof was excellent. Some 
physical properties of the powder composition and the 
coating film are shown in Table 1. 

EXAMPLE 6 

A paste was prepared by mixing thoroughly 15 parts 
of Fast Yellow pigment, 16 parts of polyethyleneglycol 
oleylether sulfate, 5 parts of organic tin maleate, 20 
parts of methyl acrylate and 3 parts of 2-ethylhexyl 
phthalate in a high speed mixer. The paste was charged 
into the same reaction vessel used in Example 3, and 
then 0.6 part of potassium persulfate and 500 parts of 
water were added into the reaction vessel. 
After the reaction vessel was closed the ambient 

atmosphere in the reaction vessel was replaced with 
nitrogen gas and further the gas pressure was reduced 
below atmospheric pressure. Then, 190 parts of vinyl 
chloride monomer was introduced into the reaction 
vessel. The agitator was driven at 1200 rpm and the 
reaction mixture was heated at 70° C. The temperature 
and the agitation were maintained for 8 hours to effect 
polymerization. 
After the polymerization was complete, 15 parts of a 

polymerized organic mercapto-compound was added, 
followed by additional agitation for another 30 min 
utes. The reaction product was recovered by centrifug 
ing the reaction mixture and was dryed. 
A polymer powder having an average degree of poly 

merization of 560, a particle size of 80 to 170 microns 
and a bulk density of 0.39 was obtained with a polymer 
ization yield of 94%. 
A yellow coating film of 120 microns in thickness was 

obtained by effecting coating using the polymer pow 
der as the powder paint in the same manner as in Exam 
ple 1. No appreciable blocking phenomenon of the 
powder paint was observed at 40°C. The storage stabil 
ity thereof was excellent. 
Some physical properties of the powder paints ob 

tained in the above-mentioned Example as well as the 
coating film formed therefrom are listed in Table 1. For 
purposes of comparison, the corresponding properties 
of the powder paints obtained in the below-mentioned 
comparative tests and of the coating films formed 
therefrom are also given in Table 1. 

COMPARATIVE TEST 

Into the reaction vessel used in Example 3 there were 
charged 0.5 part of polyvinyl alcohol, 0.02 part of hy 
droxyethyl cellulose, 0.2 part of ethylcellulose, 2 parts 
of ethyl acrylate, 8 parts of vinyl propionate, 0.3 part of 
benzoyl peroxide and 400 parts of water. After the 
reaction vessel was closed the ambient atmosphere in 
the reaction vessel was replaced with nitrogen gas and 
further the gas pressure was reduced below atmo 
spheric pressure. Then, 200 parts of vinyl chloride 
monomer was introduced into the reaction vessel. The 
agitator was driven at 800 rpm and the reaction mix 
ture was heated at 75° C. The temperature and the 
agitation were maintained for 8 hours to effect poly 
merization, with the result that a polymer powder hav 
ing an average degree of polymerization of 560 and a 
particle size of 60 to 160 microns was obtained(yield 
92%). 100 Parts of the thus obtained polymer powder, 
40 parts of 2-ethylhexyl phthalate, 15 parts of titanium 
dioxide pigment and 4 parts of tribasic lead sulfate 
were mixed in a high speed mixer by a dry-blending 
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process to form a powder paint having a particle size of 
80 of 190 microns. No satisfactory film was formed by 
effecting a coating using the resulting powder paint in 
the same manner as in Example 1, except that there 
was used a fusing temperature of 180 C. The plate 
loaded with the powder paint was further heated at 
210° C for 5 minutes and there was obtained a flat 
coating film of 200 microns in thickness with a vigorous 
evaporation of the plasticizer. However the thus ob 
tained coating film was soft and could be injured easily. 

COMPARATIVE TEST 2 

One part of a copolymer of methylvinylether and 
maleic anhydride (GANREZAN, a product of General 
Aniline and Film Co.), 0.1 part of hydroxyethylcellu 
lose, 2 parts of ethylcellulose, 42 parts of titanium 
dioxide, 12 parts of epoxy resin formed by condensa 
tion of epichlorohydrin with 2,2-bis(4-hydroxyphenyl) 
propane, 5 parts of benzoylperoxide, 80 parts of butyla 
crylate and 533 parts of water were charged into the 
reaction vessel used in Example 3. After the reaction 
vessel was closed the ambient atmosphere in the reac 
tion vessel was replaced with nitrogen gas and the gas 
pressure was reduced below atmospheric pressure. 
Then 187 parts of vinyl chloride monomer was intro 
duced into the reaction vessel. The agitator was driven 
at 1000 rpm and the reaction mixture was heated at 60 
C. The temperature and the agitation were maintained 
for 15 hours to effect polymerization. After the reac 
tion was complete, 20 parts of polymerized organic 
mercapto-compound was added, followed by addi 
tional agitation for another 30 minutes. The reaction 
product was recovered by centrifuging the reaction 
mixture and was dried. White polymer powder having 
an average degree of polymerization of 490, a particle 
size of 150-500 microns, was obtained with a polymeri 
zation yield of 90% but their surfaces were covered 
with dispersed pigment, (resin and pigment separating 
each other). 
No coating film was formed by effecting a coating 

using the thus obtained powder paint in the same man 
ner as in Example 1 and fusing at 200 C. for 5 minutes. 
The plate loaded with the powder paint was further 
heated at 230° C. for 10 minutes to obtain a coating 
film, but the coating film was not flat and it was discol 
ored because of heat decomposition. 

COMPARATIVE TEST 3 

A mixture of the following: 
vinyl chloride: 280 parts 
vinyl acetate: 10 parts 
butyl acrylate: 10 parts 
titanium dioxide: 63parts 
polyethyleneglycol sorbitanmonolaurate: 19 parts 
benzoyl peroxide: 11 parts 
organic tin mercapto-compound: 74 parts 
polymerized organic maleate: 10 parts 
n - butanol: 500 parts 

was subjected to polymerization under the following 
polymerization conditions: 
polymerization temperature: 65°C 
polymerization time: 40 hours 
speed of agitator: 500 rpm 
However, the above-mentioned polymerized organic 

mercaptocompound was added after the polymeriza 
tion reaction was complete. 
Coarse polymer powder having an average degree of 

polymerization of 480, and a particle size of 500 to 
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2000 microns was obtained with a polymerization yield 
of 87%. 
A coating ws formed by effecting coating using the 

resulting powder paint and fusing at 200 C for 10 
minutes but the coating film was poor in heat stability 5 
and became discolored and it was poor in smoothness. 

COMPARATIVE TEST 4 

A mixture of the following: 
vinyl chloride: 550 parts 10 
vinyl propionate: 450 parts 
titanium dioxide: 171 parts 
polyethyleneglycol sorbitanmonolaurate: 65 parts 
potassium persulfate: 4 parts 
3,4-epoxy-6-methylcyclohexylmethyl 3',4'-epoxy 15 

- 6'-methylcyclohexane carboxylate: 21 parts 
polymerized organic mercapto-compound: 50 parts 
water: 2200 parts 

was subjected to polymerization under the following 
polymerization conditions: 
polymerization temperature 60° C polymerization 

time: 19 hours 
speed of agitator 800 rpm 
However, the total quantity of the above identified 

polymerized organic mecapto-compound was added 25 
after the polymerization reaction was over. Polymer 
powder having an average degree of polymerization of 
580, a particle size of 80 to 150 microns and a bulk 
density of 0.40 were obtained with a polymerization 
yield of 95%. Blocking of the powder paint was ob 
served during storage at 40 C. 

COMPARATIVE TEST 5 

A powder paint was prepared by the process of Ex 
ample 2 but using 0.1 part of benzoyl peroxide (oil 
soluble catalyst) instead of the ammonium persulfate 
and potassium persulfate used in Example 2, with the 
result that there was obtained a powder paint having a 
particle size of more than 300 microns and in which the 4 
pigment and resin separated from each other. This 
powder was unsuitable for electrostatic spray coating. 

COMPARATIVE TEST 6 

Following the procedure of Example 1, polymeriza- 45 
tion was carried out by using 18 parts of polyethyleneg 
lycol sorbitanmonolaurate instead of 70 parts thereof 
with the result that there was obtained a powder paint 
having an average degree of polymerization of 400, a 
particle size of 100 to 200 microns and a bulk density 50 
of 0.39 with a polymerization yield of 92%. The surface 
of the powder was covered with dispersed pigment. 
No appreciable coating film was formed by effecting 

coating using the thus obtained powder paint and fus 
ing at 220 C. 55 
This composition was unsatisfactory for electrostatic 

spray coating because of its remarkable low volume 
intrinsic resistivity of 10 (2 cm. 

COMPARATIVE TEST 7 
Example 1 was repeated, modified by rotating the 

agitator at 150 rpm, with the result that the thus ob 
tained emulsion particles were too small in size and 
they could not be separated from the liquid phase by 
centrifugation. 65 
Then, 10 parts of sodium chloride were added into 

the emulsion, to precipitate the solid component 
thereof. 
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The solid component thereof was dried, and was 

pulverized to adjust its particle size to produce a pow 
der composition having a size of 40 to 120 microns. 
The thus obtained powder composition was subjected 
to coating as in Example i and the plate bearing the 
powder paint was heated at 185° C for 9 minutes to 
effect fusion of the powder. 
The resulting coating film was cracked and poor in 

heat stability. 
COMPARATIVE TEST 8 

Following the procedure of Example 3, but increas 
ing the volume of water from 700 parts to 850 parts, 
polymerization was effected with the result that a poly 
mer powder was obtained having an average degree of 
polymerization of 560, a particle size of 80 to 170 
microns and a bulk density of 0.25 with polymerization 
yield of 94%. The thus obtained powder composition 
was well loaded onto a substrate of complex shape by 
means of electrostatic spray coating. 
However, the coating film at the corners positions 

shrank and cracked on fusion at 200 C for 10 minutes. 

COMPARATIVE TEST 9 

A paste was prepared by mixing thoroughly 30 parts 
of titanium dioxide pigment, 18 parts of sorbitan mono 
stearate, 4 parts of organic tin maleate, 30 parts of 
butyl acrylate and 10 parts of styrene in a high speed 
mixer. The paste was charged into a reaction vessel and 
1 part of ammonium persulfate, 0.2 part of n-butylmer 
captain and 500 parts of water were added into the 
reaction vessel. 
After the reaction vessel was closed, the ambient 

atmosphere in the reaction vessel was replaced with 
nitrogen and further the gas pressure was reduced 
below atmospheric pressure. Then 160 parts of vinyl 
chloride were introduced into the reaction vessel. The 
agitator was driven at 800 rpm and the reaction mix 
ture was heated at elevated temperature and polymer 
ized. There was obtained a polymer powder most of 
which was more than 300 microns in size. This powder 
was unfit for electrostatic spray coating. 

EXAMPLE 7 

In the same manner as described in Example 1 a 
paste was prepared from 30 parts of carbon black, 90 
parts of 2-ethylhexylphthalate, 70 parts of polye 
thyleneglycolsorbitan monolaurate, 21 parts of 3,4- 
epoxy-6-methylcyclohexyl-3',4'-epoxy-6'-methylcy 
clohexanecarboxylate and 9 parts of butyl acrylate. 
The paste was charged into a reaction vessel as de 

scribed in Example 1 and then 3 parts of ammonium 
persulfate and 3300 parts of water were added in it. 
After the reaction vessel was closed the ambient 

atmosphere in the reaction vessel was replaced with 
nitrogen gas and further the gas pressure was reduced 
below atmospheric pressure. Then, 900 parts of vinyl 
chloride monomer was introduced into the reaction 
vessel. 
The agitator was driven at 800 rpm and the reaction 

mixture was heated at a temperature of 68 C. The 
temperature and the agitation were maintained fo. 9 
hours to effect polymerization. 
After the polymerization was completed, 50 parts of 

polymerized organic mercapto-compound was added, 
followed by additional agitation for another 30 min 
utes. The reaction product was recovered by centrifug 
ing the reaction mixture and was dried. A polymer 
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powder having an average degree of polymerization of 
500, a particle size of 70 to 140 microns and a bulk 
density of 0.38 (as measured by the powder tester as in 
Example 1) with a polymerization yield of 96%, was 
obtained. 5 
The powder composition thus obtained was applied 

on a cold-rolled steel plate by the same procedure as 
described in Example 1. A beautiful black coating film 
of 100 microns in thickness was obtained. No blocking 
of the powder paint was observed at 40°C. The powder 10 
composition exhibited good storage stability during the 
St SeaSO 

EXAMPLE 8 

In the same manner as described in Example 2, 106 15 
parts of a paste was prepared from 45 parts of titanium 
dioxide, 30 parts of 2-ethylhexyl phthalate, 6 parts of 
carbon black, 25 parts of polyethleneglycoldodecyl 
phenylether, 7 parts of polypropyleneglycolpolye 
thyleneglycolether, 6 parts of organic tin maleate and 2 20 
parts of vinyl acetate. The paste was charged into a 
reaction vessel as described in Example 2 and then 0.2 
part of ammonium persulfate, 0.2 part of potassium 
persulfate, 1 part of n-butylmercaptain and 600 parts of 
water were added in the reaction vessel. Then, after 25 
closing the vessel, replacing the atmosphere therein 
with nitrogen and reducing the pressure in the vessel 
below atmospheric, 230 parts of vinyl chloride mono 
mer were introduced into it. 
The agitator was driven at 600 rpm and the reaction 

mixture was heated at a temperature of 60° C. The 
temperature and the agitation were maintained for 12 
hours to effect polymerization. 
After the polymerization 15 parts of di-n-octyltin 

SS'-bis(isooctylmercapto acetate) were added, foll 
lowed by additional agitation for another 30 minutes. 
The reaction product was recovered by centrifuging 
the reaction mixture and was dried. 
A polymer powder was obtained having an average 

degree of polymerization of 460, a particle size of 40 
about 40 to 120 microns and a bulk density of 0.39 with 
a polymerization yield of 93%. 
The powder composition thus obtained was applied 

on a cold-rolled steel plate (J15-G-3141) by means of 
the electrostatic fluidized bed coating system and the 45 
plate bearing the powder paint was heated at 190°C for 
5 minutes for fusing. 
A beautiful gray coating film of 180 microns in thick 

ness was obtained. The storage stability of the powder 
paint was excellent. No blocking of the powder was 
observed at a temperature of 40 C. 

EXAMPLE 9 

In the same manner as described in Example 3, a 
paste was prepared from 8 parts of phthalocyanineblue, 
16 parts of 2-ethylhexyl adipate, 18 parts of polyethy 
lene glycol oleylether sulfate and 5 parts of dibutyl 
maleate. The paste was charged into the reaction vessel 
as described in Example 3, following by introducing 
two parts of ammonium persulfate and 700 parts of 60 
Water. 
After the reaction vessel was closed, the ambient 

atmosphere therein was replaced with nitrogen gas and 
further the gas pressure was reduced below atmo 
spheric pressure. 
Then, 200 parts of vinyl chloride were introduced 

into the reaction vessel, the agitator was rotated at 
1000 rpm and the reaction mixture was heated at 70° 
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C. The temperature and the agitation were maintained 
for 13 hours to effect polymerization. 
After polymerization was completed 15 parts of poly 

merized organic mercapto-compound was added, fol 
lowed by additional agitation for another 30 minutes. 
The reaction product was recovered by centrifuging 
the reaction mixture and was dried. During the drying 
procedure, there was produced a small quantity of 
lumps of the product. Those lumps were pulverized to 
adjust the particle size to pass through a sieve of 60 
mesh after the drying procedure. 
A powder polymer having an average degree of poly 

merization of 600, a particle size of 50 to 200 microns 
and a bulk density of 0.32 was obtained with a polymer 
ization yield of 95%. 
The powder composition thus obtained, in which the 

pigment particles were essentially covered with resin, 
was coated on a surface of a substrate of complicated 
shape, with the result that all corners of the substrate 
were coated with a film of the powder paint. The plate 
bearing the powder paint was heated at 200° C for 7 
minutes to effect fusion of the powder. 
A beautiful blue coating film of 150 microns in thick 

ness was obtained. The storage stability of the powder 
paint was excellent. No blocking of the powder was 
observed at 40 C. 

EXAMPLE 10 

There were charged 60 parts of titanium dioxide 
pigment, 20 parts of 2-ethylhexyl phthalate, 20 parts of 
tricresyl phosphate, 10 parts of sodium dodecylbenzen 
sulfonate, 22 parts of polyethyleneglycol laurylether, 4 
parts of organic tin maleate and 3 parts of vinyl propi 
onate into the reaction vessel as described in Example 
4 and then were charged 1 part of ammonium persul 
fate, 8 parts of carbon tetrachloride and 1500 parts of 
Water. 
After the reaction vessel was closed, the ambient 

atmosphere in the reaction vessel was replaced with 
nitrogen gas and further the gas pressure was reduced 
below atmospheric pressure. Then, 400 parts of vinyl 
chloride monomer were introduced into the reaction 
vessel. 
The agitator was rotated at 400 rpm and the reaction 

mixture was heated at a temperature of 65° C. The 
temperature and the agitation were maintained for 15 
hours to effect polymerization. After the polymeriza 
tion was completed, 30 parts of polymerized organic 
mercapto-compound was added, followed by addi 
tional agitation for another 30 minutes. 
The reaction product was recovered by centrifuging 

the reaction mixture and was dried. 
A polymer powder was obtained having an average 

degree of polymerization of 490, a particle size of 70 to 
130 microns and a bulk density of 0.34 with a polymeri 
zation yield of 93%. 
The powder composition was coated on a plate by 

the procedure as described in Example 7. The plate 
bearing the powder paint was heated at 190 C for 5 
minutes to effect fusion and there was obtained a beau 
tiful white coating film. No blocking of the powder was 
observed at even 40° C. The storage stability of the 
powder was excellent. 

EXAMPLE 1 

There were charged 10 parts of quinacridone red, 35 
parts of 2-ethylhexyl phthalate, 16 parts of alkyl 
picoliniumchloride, 4 parts of epoxidized soybean oil 
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and 0.1 part of acrylic acid into a reaction vessel as 
described in Example 5, followed by introducing 1 part 
of ammonium persulfate, 0.1 part of n-butyl mercap 
tan, 1 part of carbon tetrachloride and 400 parts of 
water. After the same handling of the reaction vessel as 5 
followed in the preceding examples, 200 parts of vinyl 
chloride monomer were introduced. The resulting re 
action mixture was heated at 70° C and agitated by 
rotating the agitator at 800 rpm. 
The temperature and the agitation were maintained 10 

for 10 hours to effect polymerization. 
After the polymerization was completed, 10 parts of 

polymerized organic mercapto-compound were added, 
followed by agitation for 5 minutes. The reaction prod 
uct was recovered by centrifuging the reaction mixture 15 
and was dried and passed through a sieve of 60 mesh, 
accompanied by pulverizing any residue left on the 
sieve by the operator's fingers so that it passed through 
the sieve. 
There was obtained a powder composition having an 20 

average degree of polymerization of 480, a particle size 
of 40 to 200 microns and a bulk density of 0.42 with a 
polymerization yield of 90%. 
The powder composition was coated on a plate by 

electrostatic spray coating as described in Example 7 25 
and the plate was heated at 190 C for 5 minutes to 
effect fusion, whereby a beautiful red coating film of 
150 microns in thickness was obtained. No blocking of 
the powder composition was observed at 40°C. The 
storage stability of the powder composition was excel- 30 
lent. 

EXAMPLE 12 

15 parts of Fast Yellow pigment, 16 parts of polye 
thyleneglycol oleylethersulfate, 5 parts of organic tin 35 
maleate, 1 part of styrene, 10 parts of 2-ethylhexyl 
phthalate, and 10 parts of a high polymer plasticizer: 
Paraplex G-25 (Rohm and Haas Co.) were mixed thor 
oughly and the obtained mixture was charged into a 
reaction vessel as described in Example 9, followed by 40 
introducing 0.6 part of potassium persulfate and 500 
parts of water. After the reaction vessel was closed, the 
ambient atmosphere in the reaction vessel was replaced 
with nitrogen gas and further the gas pressure was re 
duced below atmospheric pressure. 45 
Then 200 parts of vinyl chloride monomer were 

added and the reaction mixture was heated at 70 C, 
and agitated by rotating the agitator at 1200 rpm. 
The agitation and the temperature were maintained 

for 8 hours to effect polymerization. After the polymer- 50 
ization was completed, 15 parts of polymerized organic 
mercapto-compound was added, followed by addi 
tional agitation for another 30 minutes. The reaction 
product was recovered by centrifuging the reaction 
mixture and was dried. 55 
A polymer powder was obtained having an average 

degree of polymerization of 520, a particle size of 50 to 
150 microns and a bulk density of 0.36 with a polymeri 
zation yield of 95%. The polymer powder was coated 
on a plate in the same manner as described in Example 60 
7, and the plate was heated at 185°C for 5 minutes to 
effect fusion, whereby a yellow coating film of 100 
microns in thickness was obtained. No blocking of the 
powder was observed at 40 C. The storage stability 
thereof was excellent. 65 
Some physical properties of the powder compositions 

of Examples 7 to 12 and of the coating film obtained by 
the application thereof are shown in Table 1. 

20 
As seen in Table 1, the fusing temperatures of the 

powder compositions of these Examples were low and 
all coating films of these powder compositions were 
excellent in chemical resistance, water resistance and 
durability. 

COMPARATIVE TEST 10 

In the same manner as described in Comparative Test 
1, 0.5 part of polyvinyl alcohol, 0.02 part of hydroxy 
ethylcellulose, 0.2 part of ethylcellulose, 2 parts of 
ethylacrylate, 8 parts of vinyl propionate, 0.3 parts of 
benzoyl peroxide and 400 parts of water was subjected 
to polymerization with 200 parts of vinyl chloride 
monomer at a temperature of 75 C for 8 hours, with 
agitation by rotating the agitator at 800 rpm, whereby 
there was obtained a polymer powder having an aver 
age degree of polymerization of 560 and a particle size 
of 60 to 160 microns with a polymerization yield of 
92%. There were charged 100 parts of this dried poly 
mer powder, 40 parts of 2-ethylhexyl phthalate, 15 
parts of titanium dioxide pigment and 4 parts of tribasic 
lead sulfate into a high speed mixer, dry blending the 
mixture, thereby obtaining a powder paint having a 
particle size of 80 to 190 microns. The powder paint 
was coated on a plate by the procedure described in 
Example 7, and the plate was heated at 180° C for 5 
minutes and failed to form a film but it was further 
heated at 210°C for 5 minutes to effect fusion, thereby 
obtaining a coating film of 200 microns in thickness. 
However, during the procedure, the plasticizer of the 
powder composition vaporized violently and moveover 
the thus obtained coating film was soft and easily dam 
aged. 

COMPARATIVE TEST 11 
Following the procedure of Comparative Test 2, the 

reaction mixture was subjected to polymerization using 
25 parts of 2-ethylhexyl phthalate, instead of 80 parts 
of butylacrylate, and 270 parts of vinyl chloride, in 
stead of 187 parts thereof, at 65 C, thereby obtaining 
a white powder having an average degree of polymeri 
zation of 470 and a particle size of 80 to 300 microns 
with a polymerization yield of 90%. The thus obtained 
powder was covered with pigment particles on its sur 
face, but the pigment and the resin separated from each 
other. The powder composition was coated on a plate 
and the plate was heated at 200' C for 5 minutes to 
effect fusion, but an acceptable coating film was not 
obtained. The plate was further heated at 230 for 10 
minutes to effect fusion but the thus obtained coating 
film was not smooth enough and it was discolored 
owing to heat decomposition. 

COMPARATIVE TEST 12 
A mixture of the following: 

vinyl chloride: 300 parts 
2-ethylhexyl phthalate: 30 parts 
titanium dioxide: 63 parts 
polyethyleneglycolsorbitanmonolaurate: 19 parts 
benzoyl peroxide: 11 parts 
organic tin mercapto-compound: 74 parts 
polymerized organic tin maleate: 10 parts 
n-butanol: 500 parts 

was subjected to polymerization under the following 
polymerization conditions: 
polymerization temperature: 65°C 
duration of polymerization 40 hours 
speed of agitator: 500 rpm 
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However, the above-mentioned organic mercapto 
compound was added after the polymerization reaction 
WaS OWei. 

Coarse polymer powders were obtained having an 
average degree of polymerization of 460, and a particle 5 
size of 400 to 800 microns with a polymerization yield 
of 85%. 
The powder composition was coated on a plate and 

then the plate was heated at 200° C for 10 minutes to 
effect fusion. A practical coating film was obtained but 
the storage stability of the powder composition and the 
smoothness of the film were poor. 

COMPARATIVE TEST 13 

Following the procedure of Example 8, but using 0.1 
part of benzoyl peroxide (oil soluble catalyst) instead 
of ammonium persulfate and potassium persulfate, 
there was obtained a coarse powder composition of 
above 300 microns in particle size. It was unsuitable for 
electrostatic spray coating. 

COMPARATIVE TEST 14 

Following the procedure of Example 7, but using 18 
parts of polyethyleneglycolsorbitanmonolaurate, in- 25 
stead of 70 parts thereof, there was obtained a powder 
composition having an average degree of polymeriza 
tion of 480 and a particle size of 70 to 150 microns and 
a bulk density of 0.35 with a polymerization yield of 
90%. The obtained powder was covered continuously 30 
with pigment particles on its surface. 
The powder composition was coated on a plate. The 

plate was heated at 220 C to effect fusion, but a practi 
cal coating film was not obtained. The volume intrinsic 
resistivity of the powder had an unacceptably low value 
of 10 ohm-cm so that the powder was unsuitable for 
electrostatic spray coating. 

COMPARATIVE TEST 15 

The same procedure was followed in polymerizing 
the reaction mixture as described in Example 7, except 
that the rotation rate of the agitator was 150 rpm. 
The particle size of the solids in the thus obtained 

emulsion was too small to permit recovery by centrifug 
ing. Then 10 parts of sodium chloride was added into 
the emulsion, thereby precipitating the solid compo 
nent thereof. The precipitate was dried, crushed and 
sieved, whereby a powder having particle size of 40 to 
120 miccrons was obtained. 50 
The powder was coated on a plate and the plate 

bearing the powder was heated at 190° C for 15 min 
utes to effect fusion. The thus obtained coating film 
was poor in thermostability and it cracked. 

COMPARATIVE TEST 6 

Following the procedure of Example 9 except that 
the amount of water was increased to 850 parts, there 
was obtained a powder paint composition having an 
average degree of polymerization of 540, a particle size 
of 60 to 150 microns and bulk density of 0.22 with a 
polymerization yield of 91%. The powder paint thus 
obtained was coated on a surface of a substrate of 
complicated shape, so that all corners of the substrate 
were coated with a film of the powder paint. 
The material was heated at 200 C for 10 minutes to 

effect fusion but the thus coated film shrank at the 
corners and cracked. 
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COMPARATIVE TEST 17 

A paste was prepared by mixing 30 parts of titanium 
dioxide pigment, 18 parts of sorbitan monostearate 
(HLB 4,7), 4 parts of organic tin maleate, 3 parts of 
butyl acrylate and 20 parts of 2-ethylhexyl phthalate in 
a high speed mixer. The paste was charged into a reac 
tion vessel, followed by adding 1 part of ammonium 
persulfate, 0.2 part of n-butylmercaptan and 500 parts 
of water and then closing the vessel, replacing the at 
mospheric therein by nitrogen gas and reducing the 
pressure below atmospheric, and then introducing 160 
parts of vinyl chloride monomer. 
The reaction mixture was heated, agitated by rotating 

the agitator at 800 rpm, whereby there was obtained a 
coarse powder, most particles of which were more than 
300 microns in particle size. This powder was unfit for 
electrostatic spray coating. 
Some physical properties of the powder paints of the 

proceeding Comparative Tests 10 to 17 and of the 
coating film formed by the application thereof are 
shown in Table 1. 
As shown in Table 1, these coating films of the Com 

parative Tests were worse in chemical resistance, water 
resistance and exterior durability and were of hardness 
of about 2H (pencil). 

EXAMPLE 13 

A paste was prepared by mixing thoroughly 25 parts 
of titanium dioxide, 6 parts of polyethyleneglycolnonyl 
phenylether of HLB 14, 20 parts of ethyl acrylate, 80 
parts of ethyl methacrylate and 5 parts of styrene in a 
high speed rotating mixer. This paste was charged into 
a reaction vessel as described in Example 1 except that 
the agitator had the same type and numbers of impel 
lers, of which the arms were 7.5 cm in length, followed 
by adding 1 part of ammonium persulfate, 0.2 part of 
ethylmercaptan and 300 parts of water. 
After the ambient atmosphere in the reaction vessel 

was substituted with nitrogen gas by the procedure as 
described in the preceding Examples, the resulting 
mixture was heated at 60°C, agitated by rotating the 
agitator at 800 rpm. The temperature and the agitation 
were maintained for 8 hours to effect polymerization. 
The reaction mixture was worked up by the same pro 
cedure as described in the preceding Examples, and a 
powder composition was obtained having a particle size 
of 60 to 130 microns and a bulk density of 0.32 with a 
polymerization yield of 95%. The powder composition 
was subjected to electrostatic spray coating on a cold 
rolled steel sheet (JIS-G-3141) and then the steel sheet 
was heated at 200 C for 5 minutes for fusing and bak 
ing the coating, whereby a beautiful white coating film 
of 100 microns in thickness was obtained. 

EXAMPLE 14 

There were mixed 10 parts of carbon black and 20 
parts of butyl methacrylate and into the mixture were 
added 8 parts of sodium dodecylbenzenesulfonate and 
180 parts of butyl methacrylate and the mixture mixed 
thoroughly by a high speed rotating mixer to obtain a 
paste. 
The paste was charged into a reaction vessel as de 

scribed in Example 13, followed by adding 0.2 part of 
potassium persulfate, 0.3 part of thiophenol and 500 
parts of water. 
The resulting mixture was subjected to polymeriza 

tion at a polymerization temperature of 65 C, at a 
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number of revolutions of the agitator of 1000 rpm and 
the duration of polymerization was 10 hours, whereby 
there was obtained a powder composition having a 
particle size of 60 to 140 microns and a bulk density of 
0.35 with a polymerization yield of 96%. 
The pigment particles were dispersed into the inter 

ior of the powder particles and the volume intrinsic 
resistivity thereof was 7 x 10'S).cm. The powder com 
position was subjected to electrostatic spray coating by 
the procedure as described in Example 13 whereby a 
beautiful white coating film of 50 microns in thickness 
was obtained after the fusion at 180° C for 6 minutes. 

EXAMPLE 1.5 

To a mixture of 20 parts of titanium dioxide, 3 parts 
of phthalocyanineblue, 120 parts of ethyl methacrylate 
and 30 parts of butyl methacrylate, there were added 
12 parts of polyethylenglycol sorbitan monostearate, 
and the thus obtained mixture was mixed thoroughly by 
a high speed rotary mixer to obtain a paste. The paste 
was charged into a vessel as described in Example 13, 
followed by adding 0.3 part of potassium persulfate, 0.3 
part of ammonium persulfate, 0.1 part of n-butylmer 
captan and 400 parts of water. 
Then the ambient atmosphere in the reaction vessel 

was replaced with nitrogen gas. The resulting mixture 
was subjected to polymerization at a polymerization 
temperature of 70 C, a rotation rate of the agitator of 
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700 rpm and a duration of polymerization of 8 hours. 30 
After the reaction was complete, 2 parts of dioctyl 

sulfide and 1 part of phenyl salicylate were added into 
the reaction vessel, followed by agitation for 30 min 
utes, whereby there was obtained a powder having a 
particle size of 30 to 120 microns and a bulk density of 
0.34 with a polymerization yield of 93%. 

In this powder composition the pigment particles 
were not substantially on the surface of the polymer 
particles, but rather the pigment particles were dis 
persed into the interior of polymer particles. The pow 
der composition was applied by electrostatic spray 
coating onto a steel plate by the procedure as described 
in Example 13, and then the coated plate was heated at 
205 C for 5 minutes for fusing the powder, whereby a 
beautiful blue coating film of 40 microns in thickess 
was obtained. 

EXAMPLE 6 

A paste was prepared by mixing thoroughly 15 parts 
of quinacridone, 10 parts of polypropyleneglycol po 
lyethleneglycolether, 6 parts of alkylpicoliniumchlo 
ride, 150 parts of methyl methacrylate, 50 parts of 
butyl acrylate and 25 parts of 2-ethylhexyl phthalate in 
a high speed rotary mixer. The paste was charged into 
a reaction vessel as described in Example 13, and then 
there were added 0.5 part of ammonium persulfate, 0.2 
part of dodecylmercaptan and 800 parts of water. 
The ambient atmosphere in the reaction vessel was 

replaced with nitrogen gas and the resulting mixure was 
heated at 70°C, and agitated by rotating the agitator at 
1200 rpm. The temperature and the agitation were 
maintained for 12 hours to effect polymerization, 
whereby there was obtained a powder composition 
having a particle size of 60 to 150 microns and a bulk 
density of 0.25 with a polymerization yield of 98%. 
The powder composition was applied by electrostatic 

spray coating onto a plate, as described in Example 13, 
and the plate was heated at 190 C for 6 minutes for 

35 

40 

45 

50 

55 

60 

65 

24 
fusing the powder, whereby a beautiful red coating film 
of 180 microns in thickness was obtained. 

EXAMPLE 1 7 

To a mixture of 15 parts of Hansa Yellow, 60 parts of 
ethyl methacrylate, and 40 parts of butyl methacrylate, 
were added 3 parts of dodecylbenzene ethoxysulfate 
and 4 parts of polyethyleneglycol laurylether. The re 
sulting mixture was mixed thoroughly in a high speed 
rotary mixer to obtain a paste. The paste was charged 
into a reaction vessel as described in Example 13, fol 
lowed by adding 0.3 part of ammonium persulfate, 0.05 
part of n-butylmercaptan and 350 parts of water. 
After the ambient atmosphere in the reaction vessel 

was replaced with nitrogen gas, the reaction mixture 
was heated at 70 C, and agitated by rotating the agita 
tor at 700 rpm. The temperature and the agitation was 
maintained for 6 hours to effect polymerization. 
After the reaction was completed, 2 parts of dioctyl 

sulfide were added to the reaction vessel, followed by 
agitation for 30 minutes. A powder composition was 
obtained having a particle size of 50 to 160 microns 
and a bulk density of 0.32 with a polymerization yield 
of 93%. The powder composition was applied by elec 
trostatic spray coating onto a plate as described in 
Example 13, and the plate was heated at 195°C for 6 
minutes for fusing the powder, whereby a beautiful 
yellow coating film of 80 microns thickness was ob 
tained. 

EXAMPLE 18 

Following the procedure of Example 15, at 5 hours 
from the start of the polymerization reaction, 10 parts 
of acrylic acid were added to the reaction vessel. After 
the polymerization was completed, Epicoat. 828 was 
added, followed by agitation for 30 minutes. The ob 
tained solid product was separated from the reaction 
mixture by a super-decanter and was dried, whereby 
there was obtained a powder paint composition having 
a particle size of 60 to 120 microns and a bulk density 
of 0.35 with a polymerization yield of 94%. 
This powder composition, in which the pigment par 

ticles were dispersed substantially uniformly in the 
interior of the polymer particles, was applied by elec 
trostatic spray coating onto a plate as described in 
Example 13 and then the plate was heated at 205C for 
5 minutes for fusing the powder, whereby a beautiful 
pale blue coating film of 70 microns in thickness was 
obtained. Further additional heating for 15 minutes 
resulted in a hardened coating film which was ex 
tremely excellent in chemical resistance. 

EXAMPLE 19 

Following the procedure of Example l4, after the 
polymerization reaction was completed, 10 parts of 
Epicoat 828 (a product of Shell Chemical Co.) and 1.1 
parts of dicyandiamide were added, followed by agita 
tion for 10 minutes. The thus obtained product was 
separated from the reaction mixture by a centrifugal 
separator and was dried, whereby there was obtained a 
powder composition having a particle size of 40 to 10 
microns and a bulk density of 0.35 with a polymeriza 
tion yield of 95%. The powder composition, in which 
the pigment particles were substantially uniformly dis 
persed in the interior of the polymer particles, was 
applied by electrostatic spray coating onto a plate as 
described in Example 13 and the plate was heated at 
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180° C for 5 minutes for fusing the powder whereby a 
beautiful black coating film was obtained. 

EXAMPLE 2.0 

To a mixture of 30 parts of carbon black and 50 parts 
of methyl methacrylate were added 25 parts of polye 
thyleneglycolsorbitanmonostearate, 100 parts of 
methyl methacrylate, 50 parts of lauryl methacrylate, 
10 parts of methyl acrylate and 3 parts of 4-vinyl pyri 
dine in a high speed rotary mixer and the obtained 
mixture was mixed thoroughly to obtain a paste. 
The paste was charged into a reaction vessel as de 

scribed in Example 13, followed by adding 0.1 part of 
potassium persulfate, 0.4 part of sodium bicarbonate 
and 600 parts of water and then the ambient atmo 
sphere in the reaction vessel was replaced with nitrogen 
gas. The reaction mixture was heated at 80°C, agitated 
by rotating the agitator at 1000 rpm. The temperature 
and the agitation were maintained to effect polymeriza 
tion. After 3 hours from commencement of the poly 
merization reaction, there were added 4 parts of glyci 
dyl methacrylate, followed by agitation for 2 hours. 
After the polymerization reaction was over, 2 parts of 

dioctylsulfide were added, followed by agitation for 20 
minutes, whereby the thus obtained suspension of 
pH7.5 was centrifuged to obtain the solids which were 
then dried. 
A powder composition was obtained having particle 

size of 50 to 150 microns and a bulk density of 0.35 
with a polymerization yield of 95%. The thus obtained 
powder composition was applied by electrostatic spray 
coating onto a plate as described in Example 13 and the 
plate was heated at 200°C for 15 minutes for fusing the 
powder, whereby a beautiful black coating film of 90 
microns in thickness was obtained. 

EXAMPLE 21 

There were charged 25 parts of titanium dioxide, 10 
parts of polyethylenesorbitanmonolaurate, 40 parts of 
methyl acrylate, 60 parts of butyl methacrylate, 3 parts 
of acrylic acid, 0.3 part of ammonium persulfate, 0.1 
part of n-butylmercaptan, and 180 parts of water into a 
reaction vessel as described in Example 13 and then the 
ambient atmosphere in the reaction vessel was replaced 
with nitrogen gas. . 
The reaction mixture was heated at 70°C, and was 

agitated by rotating the agittor at 800 rpm. 
The temperature and the agitation was maintained 

for 7 hours for effecting the polymerization, whereby 
there was obtained a powder composition having a 
particle size of 50 to 170 microns and a bulk density of 
0.32 with a polymerization yield of 95%. 
The powder composition was applied by electrostatic 

5 

O 

15 

25 

30 

35 

40 

45 

50 

26 
The reaction mixture was heated at 70° C and agi 

tated by rotating the agitator at 800 rpm. 
The temperature and the agitation were maintained 

for 8 hours to effect the polymerization. 
The reaction product was separated from the reac 

tion mixture by a centrifugal separator and was dried, 
whereby there was obtained a powder composition 
having a particle size of 60 to 150 microns and a bulk 
density of 0.35 with a polymerization yield of 98%. 
The powder composition was applied by electrostatic 

spray coating onto a plate as described in Example 13, 
and the plate was heated at 205C for 5 minutes for 
fusing the powder, whereby there was obtained a gray 
coating film of 100 microns in thickness. 
Some physical properties of each of the powder com 

positions of Examples 13 to 22 as well as the coating 
films formed therefrom are shown in Table 1. As seen 
in Table 1, the fusing temperature of each of these 
powder compositions is low, and each coating film is 
superior in chemical resistance and durability. 

COMPARATIVE TEST 18 

Following the procedure of Example 13, a reaction 
mixture was subjected to polymerization using polye 
thyleneglycolnonylphenylether of HLB 12, instead of 
polyethyleneglyeolnonylphenylether of HLB 14, and 
after the polymerization was completed, the obtained 
product was separated from the reaction mixture, 
whereby a powder composition was obtained having a 
particle size of 1 to 15 mm with a polymerization yield 
of 93%. 
The paint composition was pulverized by a pulverizer 

to obtain a powder of 60 to 150 microns and the thus 
obtained powder had a sharp-edged shape. The powder 
composition was applied by electrostatic spray coating 
onto a plate as described in Example 13 and the plate 
was heated at 200°C for 5 minutes for fusing the pow 
der, but a flat and smooth coating film was not ob 
tained. The plate was heated at 210 for 5 minutes for 
further fusing, whereby a flat coating film thereof was 
obtained but it gave off an odor of decomposition vio 
lently. 

COMPARATIVE TEST 19 

A reaction mixture was subjected to polymerization 
in the same manner as in Example 13 except that 4 
parts of sodium dodecylbenzenesulfonate was used as 
the emulsifier, whereby a powder composition having a 
particle size of 80 to 170 microns with a polymerization 
yield of 93% was obtained. 
The thus obtained powder composition had a sub 

stantial part of the pigment on its surface. It was sub 
jected to elecstatic spray coating on a plate as in Exaple 
13 and the plate was heated at 200°C for 5 minutes for 

spray coating onto a plate as described in Example and 55 fusing the powder but a coating film was not obtained. 
then the plate was heated at 170°C for 10 minutes for 
fusing the coating, whereby a beautiful white coating 
film of 20 microns in thickness was obtained. 

EXAMPLE 22 

A mixture of 25 parts of titanium dioxide, 5 parts of 
carbon black, 20 parts of ethyl methacrylate, 80 parts 
of butyl methacrylate, 6 parts of polyethyleneglycolsor 
bitanmonolaurate, 0.2 part of ammonium persulfate, 
0.2 part of n-butylmercaptain and 350 parts of water 
was charged into a reaction vessel as described in Ex 
ample 13 and then the ambient atmosphere in the reac 
tion vessel was replaced with nitrogen gas. 
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Then the plate was further heated at 210°C for 15 
minutes for fusing, whereby the powder decomposed 
with the result that a satisfactory coating film was not 
obtained. 

COMPARATIVE TEST 20 

A reaction mixture was subjected to polymerization 
by the same procedure as followed in Example 13 ex 
cept that 3 parts of benzoyl peroxide was used as a 
catalyst. 
A powder composition was obtained having a parti 

cle size of 50 to 180 microns with a polymerization 
yield of 94%. 
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Since the particles of the powder composition were 
not of spherical shape and a part of pigment particles 
thereof was dispersed on its surface, it was unsuitable 
for electrostatic spray coating. 
The powder paint was applied by electrostatic spray 5 

coating onto a plate as described in Example 13, and 
the plate was heated at 200°C for 6 minutes for fusing 
the powder, but a coating film thereof was not ob 
tained. The plate was further heated at 200 C for 10 
minutes, but nevertheless the resin component thereof 10 
decomposed so severely that a sufficient coating film 
was not obtained. 

COMPARATIVE TEST 21 

A reaction mixture was subjected to polymerization 15 
by the procedure as followed in Example 14 except that 
1200 parts of water were used. After the reaction, the 
obtained product was separated from the reaction mix 
ture by a centrifugal separator and was dried, whereby 
there was obtained a powder composition having a 20 
particle size of 80 to 210 microns and a bulk density of 
0.15 with a polymerization yield of 92%. 
The powder paint was applied by electrostatic spray 

coating onto a substrate of complicated shape and the 
material was heated at 190°C for 5 minutes for fusing 25 
the powder and a coating film was obtained, but the 
coating film was cracked at the corners. 

COMPARATIVE TEST 22 

A reaction mixture was subjected to polymerization 30 
in a similar manner as described in Example 14 except 
that the agitator was rotated at 100 rpm. 

After the reaction was completed, the obtained prod 
uct was separated from the reaction mixture by a cen 
trifugal separator but most of the product passed 35 
through the filter cloth of the centrifugal separator and 
was not recovered. 
This shows that there can not be obtained particles of 

suitable size for electrostatic spray coating if the emul 
sionpolymerization is not conducted under vigorous 40 
stirring. The powder composition recovered on the 
surface of the filter cloth was dried. The powder com 
position was obtained with a polymerization yield of 
10% and its particle size was 15 to 45 microns. Then 
the powder composition was coated by electrostatic 45 
spray coating onto a plate as described in Example 14, 
and the plate was heated at 185°C for 5 minutes for 
fusing the powder, whereby a coating film of 80 mi 
crons in thickness was obtained. 
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COMPARATIVE TEST 23 

The same procedure was followed in obtaining a 
powder composition except that the agitator was ro 
tated at 2000 rpm. After the reaction was completed, 
the obtained product was dried with the result that a 
powder composition having a particle size of 100 to 
250 microns was obtained with a polymerization yield 
of 93% and the pigment particles thereof adhered on 
the surface of the polymer particles. 
The powder composition was applied by electrostatic 

coating onto a plate as described in Example 14, and 
the plate was heated at 180° C for 5 minutes for fusing 
the powder, but a coating film was not obtained. . 
Then the plate was further heated at 200°C for 10 

minutes for fusing the powder but the paint decom 
posed so severely that a sufficient coating film was not 
obtained. 

COMPARATIVE TEST 24 

A mixture of 80 parts of butyl methacrylate, 20 parts 
of ethyl methacrylate, 5 parts of polyethylenesorbitan 
monostearate, 0.3 part of postassium persulfate, 500 
parts of water and 0.2 part of n-butylmercaptan was 
charged into a reaction vessel as described in Example 
13. 
The reaction mixture was heated at 60° C and was 

agitated by rotating the agitator at 100 rpm. The tem 
perature and the agitation was maintained for 6 hours 
for effecting the polymerization, with the result that the 
obtained polymer could not be separated from the 
emulsion by a mechanical separator. 
Then the emulsion was subjected to salting out, fol 

lowed by drying and crushing the obtained product. A 
powder polymer having a particle size of 10 to 25 mi 
crons was obtained. 
There was added 100 parts of the powder polymer, 

15 parts of titanium dioxide and 10 parts of 2-ethyl 
hexyl phthalate in a high speed rotary mixer. 
The resulting mixture was mixed thoroughly, 

whereby a powder composition having a size of 50 to 
150 microns was obtained. 
The powder composition was applied by electrostatic 

spray coating onto a plate as described in Example 13 
and the plate was heated at 200 C for 5 minutes for 
fusing the powder but a coating film was not obtained. 
Further the plate was heated at 220 C for 10 minutes 

for fusing the coating but the powder composition de 
composed so severely that a satisfactory coating film 
was not obtained. 
Some physical properties of each powder composi 

tion of Comparative Tests 18 to 24 as well as the coat 
ing film prepared therefrom are shown in Table 1. 

Table I 

Properties of powder paint Properties of coating film 
composition Hardness of 

Index of Volunic Fusing Chemical Water Exterior pencil heat 
flow rate resistivity conditions resistance resistance durability tears the film 

Example 
1 78 2.5 x 10 ohm-cm 185 CX5 min 2H 
2 75 4.2 x 10 ohm-cm 190 CX5 min 2H 
3 73 2.7 x 10 ohm-cm 200 Cx 7 min 3H 
4. 70 1.5 x 10 ohm-cm 90 Cx 5 min 2H 
5 76 .8 x 10 ohm-cm 190 Cx 5 min 2H 
6 74 2.7 x 10 ohm-cm 85 CX5 min H 

Comparitive 
test 
1 515 0.2 X O ohm-cm 20 Cx 5 min A A X 3B 
2 53.0 0.2 X 10 ohm-cm 200 Cx 5 min A A X H 

-210 Cx 10 min 
3 m - 200 CX 10 min A HB 
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Table I-continued 
Properties of powder paint Properties of coating film 

Composition acneSS O 
index of Volunic Fusing Chemical Water Exterior pencil heat 
flow rate resistivity conditions resistance resistance durability tears the film 

4 72 2.8 x 10' ohm-cm 195 Cx 8 min (O) O) H 
5 74 2.6 x 10' ohm-cm -- - - -- - 
6 75 2 x 10 n - - r -- 

7 70 3.5 x 1012 185 CX 9 min X X X 2H 
70 3.0 x 10' ohm-cm 200 CX 10 min X X X 3H 

Example 
7 79 1.8 x 10 ohm-cm 85 CX5 min O O) O 2H 
8 73 2.3 x 10' ohm-cm 90 Cx 5 min O) O O H 
9 72 2.8 x 10' ohm-cm 200 CX 7 min O) O) O 3H 
10 74 1.6 x 10 ohm-cm 190 Cx 5 min O) O) O 2H 
11 70 1.5 x 10 ohm-cm 90 Cx 5 min O O O HB 
12 75 2.2 X 10 ohm-cm 185 CX5 min O) O) O 2H 

Comparative 
test 
O 515 0.2 x 10 ohm-cm 210 Cx 5 min A A X 3B 
11 53.0 0.2 x 10 ohm-cm 200 CX5 min A A X 2H 

--210 Cx 10 min 
: - --- 200 CX 10 min A A X 2H 

4. 74 1.5 x 107 --- --- --- --- 

15 71 1.7 x 1012 190° C x 15 min X X X 2H 
16 71 2.4 X 10' ohm-cm 200 CX 10 min X X X 3H 
7 m - --- -- - m- - 

Example 
13 75 8 X 10 ohm-cm 200 Cx 5 min O) O) O) 3H 
14 78 7 x 10 ohm-cm 100 CX 6 min O) O) O) 2H 
15 73 5 x 10 ohm-cm 205 CX5 min O) O) O 3H 
16 75 8 x 10 ohm-cm 90 Cx 6 min O O O) 2H 
7 77 2 X 10 ohm-cm 95 CX 6 min O) O O 3H 
8 75 2 X 105 ohm-cm 205 CX5 min O) O O) 4H 
19 79 6 x 10 ohm-cm 80 Cx 5 min O) O) O 4H 
20 72 6 x 10 ohm-cm 200 Cx 15 min (O) O) O 4H 
21 74 2 X 10 ohm-cm 170 Cx 10 min O (O) O 3H 
22 75 4 x 10 ohm-cm 205 CX5 min (O) O) 3H 

Comparative 
test 
18 45 3 x 100 ohm-cm 210 CX 10 min A O A 3H 
19 68 5 x 10 ohm-cm 200 Cx 5 min X X X 2H 

210 Cx 15 min 
20 66 8 X 10 ohm-cm 200 Cx 6 min X X X 3H 

200 Cx 10 min 
2 72 8 x 10 ohm-cm 190° C x 5 min 8 8 2H 
22 75 3 x 10 ohm-cm 185 CX5 min 2H 
23 70 5 X 10 ohm-cm 85 CX5 min - -- 
24 68 4 x 10 ohm-cm 200 CX5 min 

220 CX 10 min - - -- -- 

Note 
1.Index of flow rate was measured by the Kah method using a powder testcr manufactured by Hosokawa Iron Works of Japan. The flow rate is better as this valuc 
approaches : 00. 
2.Bulk density was measured by the process of measuring bulk density in thc packed slate using thc testcras describcd in Notc . 
3.Volume intrinsic resistivity is the value of resistance measured when the samplc is charged at 500 V, D.C., for 1 minute of charging using the resistance mcasuring 
instrument of Takeda Riken Co., Ltd. 
4.Chemical resistivity was cvaluated by color changes of thc samples that occurred whicn they were immersed in 10% NaOH solution and 10% HSO, solution for 7 days, 
respectively. 
5. Exterior durability was cvaluated by the change of appearance of the sample after it was cxposed outdoors for one year. 
6.Water resistance was evaluated by the change of the sample which was immersed in distilled water for onc weck. 
Evaluation Standards 
OExcellent. 
Anferior 
0 Good 
X Bad 

The embodiments of the invention in which an exclu 
sive property or privilege is claimed are defined as 
follows: 

1. A process for preparing powder compositions suit- 55 2. from 0 to 185 parts by weight, per 100 parts by 
able for dry electrostatic spray coating, comprising the weight of monomer component (1), of at least one 
steps of emulsion polymerizing a reaction mixture of comonomer copolymerizable with monomer com 

1. first monomer component selected from the group ponent (1) and having a faster rate of polymeriza 
consisting of vinyl chloride, monomer having the tion than monomer component (l), 
formula 60 3. from 0.1 to 50 weight percent, based on the sum of 

components (1) and (2), of a water-insoluble pig 
R. O. ment, 

4. from 3 to 20 weight percent, based on the sum of 
CH-C-C-O-R, components (1) and (2), of a water-soluble organic 

65 surfactant, 
wherein R is hydrogen or methyl and R is a hy- 5. a water-soluble polymerization initiator in an 
drocarbon group having 1 to 18 carbon atoms, and amount effective to cause polymerization of com 
mixtures of said monomers, ponents (1) and (2), and 
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6. from about 200 to about 400 weight percent, 
based on the sum of components (1) and (2), of an 
aqueous liquid medium 
while simultaneously vigorously agitating the reac 
tion mixture throughout the polymerization so that 
the circulation number per minute of the reaction 
mixture is at least 3, wherein the circulation num 
ber per minute is equal to the integrated volume of 
the circulating flow of the reaction mixture per 
minute. divided by the total volume of reaction 
mixture, in the polymerization vessel to produce 
substantially spherical polymer particles having a 
particle size within the range of about 30 to 250 
microns, a bulk density of greater than 0.3 and a 
volume intrinsic resistivity of at least 10 ohm-cm; 
separating the solid polymer particles from the 
agueous medium and drying the polymer particles. 

2. A process as claimed in claim 1, in which the circu 
lation number per minute is from 5 to 30. 

3. A process as claimed in claim 1, in which the reac 
tion mixture contains at least one additive selected 
from the group consisting of plastic flow improving 
agents, stabilizers, ultraviolet ray absorbing agents, 
thermal stability improving agents, molecular weight 
adjusting agents and curing agents. 
4. A process as claimed in claim 1, in which after the 

emulsion polymerization is completed and before the 
solid polymer is removed from the aqueous medium, a 
thermal decomposition preventing agent is added to 
the reaction system to be absorbed on the surfaces of 
the polymer particles. 

5. A process as claimed in claim 1, in which said 
monomer component (1) consists essentially of vinyl 
chloride, the reaction mixture contains from 0.1 to 15 
percent by weight, based on the combined weights of 
components (1) and (2), of a stabilizer for polymers 
containing vinyl chloride units, and the degree of poly 
merization of the polymer is from 300 to 600. 

6. A process as claimed in claim 1, in which said 
monomer component consists essentially of a monomer 
of said formula. 

7. A process as claimed in claim 1, in which said 
reaction mixture contains a fluidity improving agent. 
8. A process as claimed in claim 5, in which prior to 

said emulsion polymerization step, said pigment, said 
surfactant and said monomer component (2) are pre 
mixed to form a uniform paste, and the paste thereby 
obtained is then mixed with said aqueous medium and 
said polymerization initiator and then the vinyl chloride 
is added to and mixed with the reaction mixture and 
then the reaction mixture is subjected to said emulsion 
polymerizing step. 

9. A process as claimed in claim 1, in which the reac 
tion mixture contains from 5 to 100 parts of monomer 
component (2) per 100 parts by weight of monomer 
component (1). 

10. A powder paint composition adapted for applica 
tion to substrates by a dry electrostatic spray coating 
process, consisting essentially of, 

substantially spherical, polymer particles having a 
particle size in the range of from 30 to 250 mi 
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crons, a volume intrinsic resistivity in the range of 
from 109 to 10 ohm-cm and a bulk density of 
more than 0.3, said polymer particles having pig 
ment particles embedded therein and uniformly 
dispersed throughout the interior thereof, the sur 
faces of the polymer particles being substantially 
free of adhering pigment particles, said pigment 
particles being present in an amount of from 0.1 to 
50 weight percent, based on the sum of the weights 
of polymer components (1) and (2), said polymer 
consisting essentially of units of 

1. first monomer component selected from the group 
consisting of vinyl chloride, monomer having the 
formula 

R, O 

CH=C-C-O-R, 

wherein R is hydrogen or methyl and R is a hy 
drocarbon group having 1 to 18 carbon atoms, and 
mixtures of said monomers 

2. from 0 to 185 parts by weight, per 100 parts by 
weight of monomer component (1), of at least one 
comonomer copolymerizable with monomer com 
ponent (l) and having a faster rate of polymeriza 
tion then monomer component (1). 

11. A powder paint composition as claimed in claim 
10, in which said first monomer component is vinyl 
chloride, said polymer containing from 0.1 to 15 per 
cent by weight of a stabilizer for polyvinyl chloride and 
said polymer having a degree of polymerization of from 
300 to 600. 

12. A powder paint composition as claimed in claim 
10, in which said polymer consists of one or more 
monomer units of said formula. 

13. A powder paint composition as claimed in claim 
10, in which said polymer contains from 5 to 100 parts 
by weight of component (2) per 100 parts by weight of 
component (1). 

14. A powder paint composition as claimed in claim 
10, in which said particles contain one or more addi 
tives selected from the group consisting of plastic flow 
improving agents, stabilizers, ultraviolet ray absorbing 
agents, thermal stability improving agents, molecular 
weight adjusting agents and curing agents. 

15. A powder paint composition as claimed in claim 
10, in which the surfaces of said particles have a ther 
mal decomposition preventing agent coated thereon. 

16. A powder paint composition consisting essen 
tially of the solid polymer particles prepared by the 
process of claim 1. 

17. A process as claimed in claim 1 in which the 
vigorous agitation of the reaction mixture is effected by 
rotating an agitator having turbine blades at from 200 
to 1200 rpm. 

18. A powder paint composition as claimed in claim 
12 containing a curing agent selected from the group 
consisting of dicyandiamide, boron trifluoride-piperi 
dine, an epoxy compound or an acid anhydride effec 
tive to make said polymer thermosetting. 

sk ck k > xk 


